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ABSTRACT: Iodine is not only essential for thyroid function, but it is also beneficial for 
other organs of the body for example, prostate gland tissue, pancreas, gall bladder, kidneys, 
adrenals and even the liver. Brown seaweeds extracts are very rich in sea minerals with the 
supreme amount of iodine. In the present study, iodine was extracted from 6 different 
brown seaweeds representing three classes: Colpomenia sinuosa and Iyengaria stellata of 
class Laminarophyceae, Sargassum spp. of class Fucaceae, Padina pavonica and 
Spatoglossum variabile of class Dictyotaceae. The samples of Brown Seaweeds were 
collected from Buleji and Manora Rocky Ledges of Karachi coast. The level of iodine was 
measured in the range of 500ppm to 1000ppm by applying classical procedure. The 
maximum level was recorded in Sargassum carpophyllum and S. tenerrimum whereas the 
minimum was found in Padina pavonica. 
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INTRODUCTION 
 
Phylum Phaeophycota members are generally known as Brown seaweeds. There are 
omit approximately 1500- 2000 species are found all over the world (Hoek et al., 1995). 
Approximately, 29 genera and 90 species of brown seaweeds were identified along the 
coast of Pakistan (Shameel and Tanaka, 1992; Aisha and Shameel 2009, 2010, 2012 a,b,c, 
2013). Numerous brown seaweeds are used on commercial scale throughout the world. 
Omit as food and as household products (McCoy, 1987). Most of the brown seaweeds are 
rich in proteins, iodine, carbohydrate, trace elements and amino acid (Waaland, 1981; 
Kaur, 1997). Iodine contents in seaweeds species depend on omit their different parts of 
thallus and is characteristically highest in fresh cut blades as compare to sun bleached 
blades (Teas et al., 2004).  
At least 13,000 years, seaweeds have been exploited for human as medicine and food. 
At late Pleistocene settlement in Chile (Rosen and Dillehay, 1997; Ugent and Tindall, 
1997) discoveries based on seaweeds found at Monte Verde and Jomon period in Japan, an 
archeological inference from ancient sites (Arasaki and Arasaki , 1983) seaweeds utilize in 
three most important medical purpose: Ayurvedic medicine from 400 BC (Misra and Sinha, 
1979), Traditional Chinese Medicine, reported by Shen-nung in the Chinese Materia 
Medica of 2700 BC outstanding medicinal qualities of seaweeds (Hoppe, 1979) and in the 
Ebers Papyrus, Egyptian used in medical treatment, in about 1550 BC (Loeser, 1956). 
Seaweeds uses as in medical treatment are enormous from goiter therapy to topical burn 
therapy to softening of tumors (Schwimmer and Schwimmer, 1955). 
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In Japan, about 20 different species of red, green and brown seaweeds integrated in 
meals. Three most renowned seaweeds products used as a meal in Japan are wakame 
(Undaria), nori (Porphyra) and Kombu (Laminaria). Kombu which made from 
(Laminaria) brown seaweeds iodine content in this seaweed throughout the world was 
examined to standard 1,542µg/g dried weight. In Japan, iodine contents in kombu and 
wakame were predictable 2353µg/g in kombu and 42µg/g in wakame respectively 
(Nagataki, 2008). Wakame and nori contains low amount of iodine contents as compared 
to kombu (Zava and Zava, 2011). Seaweeds put away as a flavor dishes or soup stock. 
Iodine is water soluble, when kombu boil in water for just 15 minutes it can misplace up 
to 99% of its iodine content, while iodine present in Sargassum another brown seaweed, 
loses approximately 40% when boil in water (Hou et al., 1997 and Ishizuki et al., 1989). 
Organic form of iodine occurs in high amount in many types of seaweed. Food materials 
which invent from marine have high content of iodine because marine plants and animals 
concentrate iodine from seawater (Zimmermann, 2009).  
Seaweeds have exclusive potential to concentrate iodine from the ocean and with 
numerous types of brown seaweeds accumulating over 30,000 times the iodine absorption 
of sea water (Kupper et al., 1998). In United States chief sources of iodine are bread and 
milk (Pearce et al., 2004). In Switzerland, frequent intake of dietary iodine is just about 
140µg/d, mostly from bread and dairy products (Haldimann et al., 2005). In Pakistan, a 
number of work have been done on the taxonomy, distribution (Anand, 1940, 1943; 
Nizamuddin 1964; Afaq-Hussain and Shameel, 1991; Shameel, 2000; Saifullah, 1973; 
Shameel et al., 1996, Hameed et al., 2001; Aisha and Shameel, 2012) phycochemistry 
(Shameel, 1990; Usmanghani and Shameel, 1996) and biological and elemental 
constituents (Usmani et al., 1991; Siddiqui et al., 1993; Rizvi and Shameel, 2001, 2005). 
In this context the present work designed to determine the iodine level in three 
different classes of brown seaweeds available at two rocky ledges of Buleji and Manora 
located in Karachi coast. 
 
MATERIALS AND METHOD 
 
Samples were collected from Buleji (24O 50΄N, 66O48΄ E) and Manora (24O 48΄ N 66O 
58΄ E) located southwest of Karachi facing open Arabian sea in (Fig.1). 
Sample collection: 
The fresh thalli of brown seaweeds were collected during the winter season from inter 
tidal rocky ledges of two different sites Buleji and Manora. Fresh thallus of these seaweeds 
were handpicked from hold fast, together in polythene bags and brought to the laboratory 
where they were refrigerate at 4oC overnight. 
Sampling protocol: 
On next morning fresh thallus of these seaweeds were washed thoroughly with tape 
water to remove debris and soil particulates attached to the thallus. All the samples were 
dispersed individually on blotting paper and left next to 2 – 3 days for air dried. All dried 
samples were kept in separate plastic bags to use for iodine extraction and stock for further 
analysis and so on. 
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Fig.1. Map showing the location of sampling sites. 
 
Methodology:  
Approximately take 4gm dried seaweeds in an evaporating dish, burn them towards 
ash in a fume cupboard. When seaweeds convert to ash form shift the ash in to a small 
beaker and boil with 30ml deionized water for about 05 minutes. After that, filter it into a 
boiling tube, then add dilute sulphuric acid 5mlafterward add 10ml hydrogen peroxide. 
Removal the mixture into a separating funnel and then last add 10ml of petroleum ether. 
Cork the funnel and inverting the funnel quite a lot of times until the contents mix well. 
Pressure built up inside the funnel, eliminate pressure by removing the cork. Run the (super 
latent layer) upper organic layer into a test tube labelled as Iodine extract from seaweed. 
At final stage iodine extract from petroleum ether and conclude the mass of iodine 
achieved. 
 
Table 1. Iodine concentration (mg/g ± SD) in individual seaweed samples. 
 
Seaweeds Name 
Concentration of iodine 
in an individual sample 
(mg/g ± SD) 
Range of Concentration of 
iodine in 
Classes (mg/g) 
Colpomenia sinuosa 22.5 ± 9.50 
2.5 – 37.5mg/g 
Iyengaria stellata 16.5 ± 5.00 
Padina pavonica 5.83 ± 2.30 
2.5 – 15mg/g 
Spatoglossum variabile 8.75 ± 3.50 
Sargassum carpophyllum 82.5 ± 30.22 
7.5 – 152.5mg/g 
Sargassum tenerrimum 35 ± 18.60 
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RESULTS AND DISCUSSION 
 
 In this study level of iodine with standard deviation extracted from dried forms of 
different brown seaweeds belongs to three classes, Laminarophyceae, Dictytaceae, 
Fucaceae depicted in Table 1. The brown seaweed Colpomenia sinuosa and Iyengaria 
stellata belongs to class Laminarophyceae while Padina pavonica and Spatoglossum 
varibile belongs to Dictyotaceae and Sargassum carpophyllum and S. tenerrimum belongs 
to Fucaceae. The highest percentage of iodine measured in class Fucaceae i.e. 68% (Fig. 
2) and the peak level was recorded in Saragassum carpophyllum and the second highest 
value shown by S. tenerrimum. Eventually, the lowest percentage (10 %) of iodine in class 
Dictyotaceae while the least concentration of iodine observed in Padina pavonica. In 
contrast, the moderate percentage of iodine showed in class Laminariohyceae i.e. (22%) 
among this class Iyengaria stellata depicted with lowest value in Table 1. 
 
 
Fig. 2. Comparative percentage of iodine in three classes of brown seaweeds. 
 
In facts the highest level shown by Sargassum carpophyllum due to the large size of 
seaweeds and our study also supported by (Ar Gall et al., 2004). 
Nevertheless, iodine intake from seaweeds eating in high amount can cause surprising 
health problems like pre-existing thyroid disorders in an individual. Even though, previous 
work stated that thyroid antibody positivity does not cause by excessive iodine but in 
comparison of high amount of iodine consumed can cause in people with earlier thyroid 
issues (Nagata et al., 1998). In Japan, transient hypothyroidism and iodine induced goiter 
is common by intake of restricted seaweeds (Nishiyama et al., 2004; Ishizuki et al., 1989; 
Tajiri et al., 1986; Kasagi et al., 2003). Foods containing goitrogens such as broccoli, 
cabbage, bokchoi and soy, phytochemicals in these foods competitively inhibit iodine 
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uptake by thyroid gland i.e., isothiocyanates from cruciferous vegetables (Greer and 
Astwood, 1948; Zimmermann, 2009). 
According to Hou et al. (1997) iodine existed in seaweeds primarily I- as shown by 
88% in kelp (Laminaria) and 66% in (Sargassum). However, 10% Kelp and 29% 
Sargassum contained organic iodine, on the other hand Iodate (IO3-) ranged from 1.4% in 
kelp and 4.5% in Sargassum.  
 
Fig. 3. Comparative levels of iodine in six brown seaweeds samples. 
 
Food Standard Australia New Zealand (FSANZ, 2008a) inspected numerous forms of 
edible seaweeds (e.g. dried, cooked or component in soup) and reported that dried seaweed 
showed maximum range of level of iodine (9.4mg/kg to 4300mg/kg). In contrast, cooked 
seaweeds and products contained lower iodine level (0.01mg/kg to 110mg/kg). 
The determined average content of iodine expressed with standard errors in Table 1. 
Sargassum carpophyllum exposed the peak content of iodine with an average of82.5 ± 
30.22, whereas S. tenerrimum showed second highest level (35 ± 18.60). On the other hand, 
Colpomenia sinuosa with (22.5 ± 9.50), Iyengaria stellata (16.5 ± 5.00), Spatoglossum 
varibile with an average of 8.75 ± 3.50 and in Padina pavonica we examined the lowest 
level of iodine with (5.83 ± 2.30). 
Two well distinct lines (1 and 2) identified by Dendrogram derived from Ward’s 
cluster analysis in Fig.4. Line 01 comparatively comprised of the highest levels of iodine 
(37.5, 30, 152.5, 62.5 mg/g) in all selected brown seaweed species (Colpomenia sinuosa, 
Iyengaria stellata, Sargassum carpophyllum and S. tenerrimum). Whereas, line 2 
characterized by the lower most levels of iodine (7.5, 2.5, 5, 5, 7.5, 15, 2.5, 12.5, 7.5 mg/g) 
from all species as exposed in Fig.4. 
Variations occurs in iodine concentration of seaweeds due to geographical distribution 
(Table 2). Maximum concentration of iodine recorded in kelp granules from U.S., Canada,  
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Fig. 4. Dendrogram derived from Ward’s cluster analysis of values of iodine levels in three 
class of brown seaweeds samples. 
 
Namibia, Tasmania, Japan i.e. 8.165mg/g (Teas J et al., 2004). In our studied highest iodine 
concentration found in Sargassum carpophyllum and S. tenerrimum (82.5, 35mg/g) as 
shown in Fig.2 & (Table 1) for the reason is that at our coast it grows throughout the year 
as compare to some other seaweeds that grows in specific season such as some members 
of class Laminarophyceae, grows in winter season. Whereas, Sargassum spp. from Gujarat 
coast contained minimum level of iodine 0.2 – 0.5mg/g (Ahmad et al., 1989). In Padina 
pavonica, (5.83mg/g) lower most iodine concentration examined in our studied. Factors 
like salinity, season, depth of the seaweed, coldness of water, postharvest storage 
conditions, distance from the equator and some other factor also involves (Kravtsova and 
Saenko 1979). Other factors like method of cooking or food preparation also demonstrating 
final iodine content of food and this iodine is richly water soluble (Ishizuki et al., 1989), 
reported that when kelp boiling in water, after 15 – 20 minutes 99% iodine is found in the 
cooked water. 
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Table 2. Variation in iodine level (mg/g) reported in species of seaweeds from different 
coastal regions of the world.  
Species Locality 
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References 
Ulva lactuca Abu-Qir Bay, Egypt 0.03 EL-Tawil and Khalil, 1983 
Caulerpa prolifera Abu-Qir Bay, Egypt 0.09 EL-Tawil and Khalil, 1983 
Cystoseira fimbriata Abu-Qir Bay, Egypt 0.22 EL-Tawil and Khalil, 1983 
C. barbata Black Sea 0.367 Güven and Bergisadi, 1973 
C. barbata Black Sea 0.1 Dalev et al., 1957 
C. myrica Red Sea 0.17 Khalil and EL-Tawil, 1982 
Petrocladia capillacea Abu-Qir Bay, Egypt 0.67 EL-Tawil and Khalil, 1983 
Laminaria (kelp) 
U.S., Canada, Namibia, 
Tasmania, Japan 
1.542 Teas et al., 2004 
 UK 2.650 Lee et al., 1994 
 China  3.040a Hou and Yan, 1998 
 France 5.307 a Aquaron et al., 2002 
 British Columbia 2.110 a Van Netten et al., 2000 
Kelp granules 
U.S., Canada, Namibia, 
Tasmania, Japan 
8.165 Teas et al., 2004 
 UK  0.067 Lee et al., 1994 
 British Columbia 0.815 Van Netten et al., 2000 
Undaria (wakame) 
U.S., Canada, Namibia, 
Tasmania, Japan 
0.066 Teas et al., 2004 
 UK 0.161 Lee et al., 1994 
 China 1.571 Hou and Yan, 1998 
 British Columbia 0.06 Van Netten et al., 2000 
 British Columbia 0.102 Van Netten et al., 2000 
Alaria British Columbia 0.151 Van Netten et al., 2000 
   Continued…… 
22                    Pakistan Journal of Marine Sciences, Vol. 25(1&2), 2016. 
  
 
 
REFERENCES 
 
Afaq-Hussain, S., M. Nizamuddin and M. Shameel. 1991. The structure and reproduction 
of a new taxon Dermonema abbottiae (Nemaliales-Rhodophyta) from the coast of 
Pakistan. Pak. J. Sci. Ind. Res. 34: 75–82. 
Ahmad, J., S.N. Ganapathy, T.O. Siddiq and M.E. Hamdard. 1989. The distribution of 
elements in some plant species of the botanical kingdom. In: Elements in Health and 
Diseases. Eds: M. Said, M.A. Rahman and L.A.D. Silva. Hamd. Univ. Press, Karachi. 
143 – 167pp. 
Aisha, K. and M. Shameel. 2009. Occurrence of the genus Bachelotia (Ectocarpales, 
Phaeophycota) in the coastal waters of Pakistan. Pak. J. Bot. 41(4): 1917-1920. 
Aisha, K. and M. Shameel. 2010. Occurrence of the genus Padina (Dictyophyceae, 
phaeophycota) in the coastal waters of Karachi. Pak. J. Bot. 42(SI): 319-340. 
Aisha, K. and M. Shameel. 2012a. Occurrence of the genus Lobophora (Dictyophyceae, 
phaeophycota) in the coastal waters of Karachi.Pak. J. Bot. 44(2): 837-840. 
Aisha, K. and M. Shameel. 2012b. Taxonomy of the genus Sphacelaria (Phaeophycota) 
from the coast of Pakistan. Int. J. Algol. 14(3): 247-264. 
Aisha, K. and M. Shameel. 2012c. Taxonomy of the genus Colpomenia (laminarophyceae, 
Phaeophycota) from the coast of Karachi. Proced. Pak. Acad. Sci. 49(2): 123-129. 
Porphyra (nori) 
U.S., Canada, Namibia, 
Tasmania, Japan 
0.016 Teas et al., 2004 
 UK 0.043 Lee et al., 1994 
 China 0.036 Hou and Yan, 1998 
 British Columbia 0.017 Van Netten et al., 2000 
Hincikia fusiforme 
U.S., Canada, Namibia, 
Tasmania, Japan 
0.629 Teas et al., 2004 
 UK 0.391 Lee et al., 1994 
 British Columbia 0.436 Van Netten et al., 2000 
Eisenia bicyclis 
U.S., Canada, Namibia, 
Tasmania, Japan 
0.586 Teas et al., 2004 
 UK 0.714 Lee et al., 1994 
 British Columbia 0.600 Van Netten et al., 2000 
Palmaria palmata 
U.S., Canada, Namibia, 
Tasmania, Japan 
0.072 Teas et al., 2004 
 UK 0.044 Lee et al., 1994 
Sargassum spp. Gujarat coast, India 0.2 – 0.5 Ahmad et al., 1989 
               Afroz et al.: Extraction and estimation of iodine from brown seaweeds               23 
 
Aisha, K. and M. Shameel. 2013. Comparative study on four species of the order 
Scytosiphonales (Phaeophycota) from Karachi coast. Int. J. Phyco. Phyco-chem. 8(2): 
149-158 
Anand, P.L. 1940. Marine Algae from Karachi. I: Chlorophyceae. Punj. Univ. Bot. Publ. 
Lahore. 52 pp.  
Anand, P.L. 1943. Marine Algae from Karachi. II: Rhodophyceae. Punj. Univ. Bot. Publ. 
Lahore. 76 pp. 
Aquaron. R., F. Delange, P. Marchal, V. Lognone and L. Ninane. 2002. Bioavailability of 
seaweed iodine in human beings. Cell Mol. Biol. 48: 563–560. 
Ar Gall, E., F.C. KÜpper and B. Kloareg. 2004. A survey of iodine content in Laminaria 
digitata. Botanica Marina 47(2004): 30–37. 
Arasaki, S. and T. Arasaki. 1983. Vegetables from the Sea. Japan Publications Inc., Tokyo. 
consumption in Japan: A literature based analysis. 
Dalev, D., D. Danchev and L. Lidzhi, 1957. The dynamics of accumulation of alginic acid, 
mannitol and halogenides in the Black Sea seaweeds, Cystosiera barbata. Izvest. 
Khaim. Inst. Bulgar. Akad. Nauk. 5: 135 – 141. 
 El-Tawil, B.A.H. and A.N. Khalil. 1983. Chemical constituents of some algal species from 
Abu-Qir Bay, Egypt. J. Facul. Mar. Sci. 3: 1404H, 85 – 94. 
 FSANZ. 2008a. Food Standards Australia Newzealand. 
Greer, M.A. and E.B. Astwood. 1948. The antithyroid effect of certain foods in man as 
determined with radioactive iodine. Endocrinology. 43: 105-119. 
Güven, K.C. and N. Bergisadi. 1973. Studies on Cystosiera barbata. J. Agr. Bot. Mar. 16: 
49 – 51. 
Haldimann, M.A.A., A. Blanc and K. Blondeau. 2005. Iodine content of food groups. J. 
Food Comp. Anal. 18: 461–471. 
Hameed, S., M. Ahmad and M. Shameel. 2001. Common structure and species composition 
of macroorganisms at the rocky bench at Pacha, near Karachi, Pakistan. Pak. J. Mar. 
Biol. 7: 135–146. 
Hoek, C. Van den, D.G. Mann, H.M. Jah. 1995. Algae: An introduction of phycology. 
Cambridge: Cambridge University Press. pp. 165–218. 
Hoppe, H.A. 1979. Marine algae and their products and constituents in pharmacy. In: H.A. 
Hoppe T. Levring and Y. Tanaka (ed.) Marine Algae in Pharmaceutical Science. 
Walter de Gruyter, New York. 
Hou, X., C. Chai, Q. Qian, X. Yan and X. Fran. 1997. Determination of chemical species 
of iodine in some seaweeds (I). Sci. Total Environ. 204: 215–221. 
Hou, X. and X. Yan. 1998. Study on the concentration and seasonal variation of inorganic 
elements in 35 species of marine algae. Sci. Total Environ. 222: 141–156.  
Ishizuki, Y., K. Yamauchi and Y. Miura. 1989. Transient thyrotoxicosis induced by 
Japanese kombu. Folia. Endocrinology. 65: 91–98. 
Kasagi, K., M. Iwata, T. Misaki and J. Konishi. 2003. Effect of iodine restriction on thyroid 
function in patients with primary hypothyroidism. Thyroid,13: 561-567. 
Kaur, I. 1997. Potentials and future prospects. In: Brown Algae, Vijayaraghavan M.R., 
Kaur I. (eds): A.P.H. Publishing: New Delhi, India. 277–294. 
Khaiil, A.N. and B.A.H. EL-Tawil. 1982. Phytochemical studies on marine algae from 
Jeddah, Red Sea. Bull. Fac. Sci. K.A.U., Jeddah. 6: 49 – 60. 
24                    Pakistan Journal of Marine Sciences, Vol. 25(1&2), 2016. 
  
Kravtsova, Y. and G.N. Saenko. 1979. Biological aspects of iodine behavior during 
interaction of Algae with seawater. In: E.V. K. (ed.) Vaimodeistvie Vodoi Zhivym 
Veshchestvom Tr. Mezhdunar. Simp 1975, Vol. Publ. 1, Moscow. pp. 146–152. 
Kupper, F., N. Schweigert, E. Ar Gall, J.-M. Legendre, H. Vilter and B. Kloareg. 1998. 
Iodine uptake in Laminariales involves extracellular, haloperoxidase-mediated 
oxidation of iodide. Planta. 207: 163-171. 
Lee, S.M., J. Lewis, D.H. Buss, G.D. Holcombe and P.R. Lawrance. 1994. Iodine in British 
foods and diets. Br. J. Nutr.72: 435–446. 
Loeser, A.A. 1956. Hormones and breast cancer. Lancet. ii: 961. 
Marchal, P., V. Lognone, M. Fuselie, E. Bonabeze, D. Brault, C. Barwell, J. M. Blondel, 
M. Franc, L. Ninane, D. Schwartz, M. Menager, F. Delange and R. Aquaron. 2000. 
8th World Salt Symposium. In: R.M. Geertman (eds.) Iodized Salt for Sustaining IDD 
Elimination, Vol. 2. Elsevier Science proceedings, The Hague, the Netherlands, pp. 
1015–1020. 
Mc Coy, H.D. 1987. The Commercial Algaes; Prospects for One of the Oldest Industries. 
Aqu. Mag. July/August, pp. 46-54. 
Meguro, H., T. Abe, T. Ogasawara and K. Tuzimura. 1967. Analytical studies of iodine in 
food substances Part I. Chemical form of iodine in edible marine algae. Agr. Biol. 
Chem. 31: 999–1002. 
Misra, A. and R. Sinha. 1979. Algae as drug plants in India. In: Hoppe H.A. Levring, T. 
Tanaka, (eds.) Marine Algae in Pharmaceutical Science. Walter de Gruyter, Berlin, 
pp. 237–242. 
Nagata, K., N. Takasu, H. Akamine, C. Ohshiro, I. Komiya, K. Murakami, A. Suzawa and 
T. Nomura. 1998. Urinary iodine and thyroid antibodies in Okinawa,Yamagata, 
Hyogo, and Nagano, Japan: the differences in iodine intakedo not affect thyroid 
antibody positivity. Endocr. J.  45: 797-803. 
Nishiyama, S., T. Mikeda, T. Okada, K. Nakamura, T. Kotani and A. Hishinuma. 2004. 
Transient hypothyroidism or persistent hyper thyro-tropinemia in neonates born to 
mothers with excessive iodine intake. Thyroid. 14: 1077-1083. 
Nagataki, S. 2008. The average of dietary iodine intake due to the ingestion of seaweeds is 
1.2 mg/day in Japan. Thyroid, 18: 667-668. 
Nizamuddin, M. 1964. Studies on the genus Caulerpa from Karachi. Bot. Mar. 6: 204–
223. 
Pearce E.N., PinoSHeX, H.R. Bazrafshan, S.L. Lee and L.E. Braverman. 2004. Sources of 
dietary iodine: bread, cows’ milk, and infant formula in the Boston area. J. Clin. 
Endocrinol. Metab. 89: 3421–3424. 
Rizvi, M.A. and M. Shameel. 2001. Distribution of elements in marine algae of Karachi 
coast. Pak. J. Bot. 33: 357–363. 
Rizvi, M.A. and M. Shameel. 2005. Pharmaceutic, l biology of seaweeds from the Karachi 
Coast of Pakistan. Pharmaceut. Biol. 43(2): 97-107. 
Rosen J. and T.D. Dillehay. 1997. Modeling ancient plant procurement and use at Monte 
Verde. In: T.D. Dillehay (ed.) Monte Verde. A Late Pleistocene Settlement in Chile, 
Vol 2. The Archaeological Context and Interpretation, Vol. 2. Smithsonian Institution 
Press, Washington, D.C. pp. 331–350. 
               Afroz et al.: Extraction and estimation of iodine from brown seaweeds               25 
 
Saifullah, S.M. 1973. A preliminary survey of standing crop of seaweeds from Karachi 
Coast. Bot. Mar. 6: 139-144. 
Schwimmer, M. and D. Schwimmer. 1955. The Role of Algae and Plankton in Medicine. 
Grune & Stratton, New York. 
Shameel, M. 1990. Phycochemical studies on fatty acid from certain seaweeds. Bot. Mar. 
33: 429 – 432. 
Shameel, M. and J. Tanaka. 1992. A preliminary check-list of Marine Algae from the coast 
and Inshore waters of Pakistan. T. Nakaike and S. Malik (eds.), Cryptogamic Flora of 
Pakistan, Vol. 1: 1 – 64. National Science Museum, Tokyo. 
Shameel, M., K. Aisha and S.H. Khan. 1996. A preliminary survey of seaweeds from the 
coast of Makran, Pakistan. Bot. Mar. 39: 223–230. 
Shameel, M. 2000. Biodiversity of the seaweeds growing along Balochistan coast of the 
northern Arabian Sea. In: Proceedings of National O. N. R. Symposium on Arabian 
Sea as a Resource of Biological Diversity. (Ed.): V.U. Ahmad, H.E.J. Research 
Institute of Chemistry, Karachi University, Karachi. p.45-64.  
Siddiqui, S., S.N. Baqir, K. Usmanghani and M. Shameel. 1993. Antibacterial activity & 
fatty acids composition of the extract from Hypneamusciformis (Gigartinales, 
Rhodophyta) Pak. J. Pharm. Sci. 6: 45 – 51. 
Tajiri. J., K. Higashi, M. Morita, T. Umeda and T. Sato. 1986. Studies of hypothyroidism 
in patients with high iodine intake. J. Clin. Endocrinol. Metabol. 63: 412-417. 
Teas, J., S. Pino, A. Critchley and L.E. Braverman. 2004.Variability of iodine content in 
common commercially available edible seaweeds. Thyroid. 14: 836-841. 
Ugent. D. and D.R. Tindall. 1997. Sargassum: An edible seaweed. In: Dillehay T.D. (ed) 
Monte Verde A. Late Pleistocene Settlement in Chile. Vol 2. The Archaeological 
Context and Interpretation, vol. 2. Smithsonian Institution Press, Washington, D.C., 
pp. 911–914. 
Usmanghani, K. and M. Shameel. 1996. Fatty acid composition of seaweeds of Pakistan. 
Pak. J. Pharm. Sci. 9: 53–68. 
Usmani, J.N., A. Mahboob, Kalhoro and S. Ismail. 1991. Biological activities in seaweeds. 
Pak. J. Sci. Ind. Res. 34: 247–248. 
Van Netten, C., S.A. Hoption Cann, D.R. Morley and J.P. van Netten. 2000. Elemental and 
radioactive analysis of commercially available seaweed. Sci Total Environ. 255: 169–
175. 
Waaland, J.R. 1981. Commercial utilization.In The Biology of Seaweeds. C. S. Lobban 
and M.J. Wynne (eds.) Blackwell Scientific Publication, Oxford, pp. 726-741. 
Zava T.T. and D.T. Zava. 2011. Assessment of Japanese iodine intake based on seaweed 
consumption in Japan: A literature based analysis. Zava and Zava Thyroid Research 
2011. 4: 14. 
Zimmermann, M.B. 2009. Iodine deficiency Endocrine Reviews. 30(4): 376-408.  
